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Ehrlichia canis (E. canis), a Gram-negative obliga-
tory intracellular bacterium with a tropism for
monocytes and macrophages, is acknowledged as
the primary cause of canine monocytic ehrlichio-
sis (CME). First described in 1935 in Algeria by
Donatien and Lestoquard, the worldwide diffu-
sion of this agent is related to the distribution of
the brown dog tick, Rhipicephalus sanguineus.
Particularly frequent in tropical and subtropical
regions, this tick is also widely present in the
Mediterranean Basin. Although CME was ﬁrst
reported in France in the late 1970s, no molecular
characterisation of E. canis strains originating
from a dog has ever been attempted. The purpose
of the present study was to characterise the 16S
rRNA genotype of E. canis strains naturally
infecting French dogs and to compare this strain
with those from other regions. The isolation of the
strain E. canis Borgo from a dog with a history of
chronic CME from Borgo (Corsica) has allowed
the study of his pathogenesis and molecular
characterisation.
Blood samples were drawn from a dog with
clinical and haematological signs of ehrlichiosis
and inoculated into healthy dogs. Blood asepti-
cally collected from the infected dogs was inoc-
ulated into MDHSP cells for culture isolation.
Genomic DNA was extracted from this cell
culture and the 16S rRNA gene of E. canis was
ampliﬁed by reverse transcription PCR as previ-
ously described and sequenced with an automatic
DNA sequencer.
Multiple sequence alignments with the refer-
ence sequences downloaded from GenBank were
performed with the CLUSTAL W program [1].
Phylogenetic trees were inferred using neigh-
bour-joining (NJ) analysis by MEGA software
version 4.0 [2]. The distance matrix of nucleotide
divergences was calculated according to Kimura’s
two-parameter model furnished by MEGA. All
positions containing gaps and missing data were
eliminated from the dataset (complete deletion
option).
A nearly complete sequence of the 16S rRNA
gene was obtained (1580 bp). The Borgo strain
was found to be closely related to the type strain
of E. canis Florida (M73226), with two polymor-
phisms at position 28 (G ⁄A) and 942 (G ⁄)). All
the nucleotide numbers are based on the E. coli
J01695 numbering system [3]. We have to pay
attention to the sequence differences, which may
be due to sequencing artefacts as for the Okla-
homa T strain (M73221), where an additional
guanine nucleotide (G), identical to the majority
of E. canis strains, was found at position 942 [4].
However, we ﬁnd a low diversity within E. canis
strains based on the close similarity amongst their
16S rDNA sequences from all geographic regions
tested. The maximum sequence difference was
found with Madrid strain (AY394465), where six
nucleotides were changed (A ⁄G, 230; A ⁄), 574;
A ⁄C, 807; T ⁄C, 1324; A ⁄G, 1470; G ⁄T, 1472).
Phylogenetic analysis was performed using the
16S rDNA sequences of 20 E. canis and 17 other
closely related species using the neighbour-joining
method by MEGA software (Version 4.0). Five
groups were identiﬁed, including the genera
Ehrlichia, Anaplasma, Neorickettsia, Wolbachia and
the species ‘Candidatus Neoehrlichia mikurensis’.
The Borgo strain was positioned in the E. canis
cluster among most of the E. canis strains. The
Borgo, Oklahoma T, Florida and Gdt3 strains
formed a distinct clade with a weak signiﬁcant
branching (Fig. 1). Phylogenetic analysis had
shown that the gene in most E. canis strains
appears to be highly conserved with few but
signiﬁcant differences among the E. canis strains.
This very low polymorphism suggests a common
origin with a not very distant divergence in time.
Moreover, the sequence divergence does not
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correlate with the geographical distribution.
Sequences of the 16S rRNA gene of distant geo-
graphical area have 100% identity (Bangkok
EF139458, Thaı¨lande; ovina Turkey AF318946,
Turkey; VDE AF373612, Venezuela) while strains
from the same geographical area were found to
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Fig. 1. Phylogenetic tree based on secondary structure of 16S rRNA gene analysis of Ehrlichia canis and closely related
species. The evolutionary history was inferred using the neighbour-joining method with distance matrix calculation by
Kimura-two parameters (MEGA4). The optimal tree with the sum of branch length = 0.37265270 is shown. GenBank
accession numbers of the 16S rRNA gene follows each strain name. Scale bar indicates the number of mutations per
sequence position.
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present 16S rDNA sequence divergence (CO1
EF195134, Brazil; CO2 EF195135, Brazil ⁄Oklahoma
M73221, USA; Jake CP000107, USA). Similarities
among geographically diverse E. canis strains
could be reﬂective of relatively recent global
spread of this pathogen with its vertebrate and
invertebrate hosts.
Last, although E. canis are predominantly from
dogs, E. canis were also isolated from humans
(Venezuela) and sheep (Turkey, South Africa).
These different strains (VHE AF373612; ovina
AF318946; Germishuys U54805) were found in the
same clade (Fig. 1) and the 16S rDNA sequences
are identical. These data may suggest that the host
range of E. canis strains is broader than previously
thought. To elucidate the diversity, the evolution
of strains from different geographical areas, and
from a medical perspective, further study of
genetic polymorphisms of other genomic regions,
would be interesting in order to determine if they
substantially affect strain virulence, host prefer-
ence and clinical outcome.
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